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values of the tolerance factor (t) for these compositions indicate a significant degree of distortion in the perovskite structure. The distortion decreases with increasing the substitution and maximum distortion corresponds to CaTiO 3 , which is consistent with the experimental results of cell distortion factor. Also, from the refined values of the crystallite size, it was found that the crystallite size increases with increasing the substituted cations.
Calcium titanate, CaTiO 3 is a perovskite structure having orthorhombic symmetry [2] . Sasaki reported [3] , that the structure was orthorhombic at room temperature and transforms to the cubic ideal perovskite at high temperature, with an intermediate tetragonal phase [4] [5] [6] . Also, phase transition from orthorhombic to tetragonal and cubic symmetry has been reported with increasing Fe content at room temperature in the system CaFe x Ti 1-x O 3-(x/2) for 0.0 ≤ x ≤ 0.4. Thus, for x ≤ 0.205 the structures are orthorhombic and for x ≥ 0.251 they are cubic, the intermediate compositions showing tetragonal symmetry [7] .
Kim et al. [8] reported, that in CaTiO 3 the partial substitution of Ca 2+ with La +3 leads to the formation of single phase Ca 1-x La 2x/3 TiO 3 solid solution with structural changes from orthorhombic to tetragonal double layered perovskite as x increases. Extensive study [9, 10] has been carried out on CaTiO 3 to improve its dielectric properties indicating that on replacing divalent calcium by trivalent Yittrium or other rare earth ions, the charge neutrality is maintained by creating an appropriate number of vacancies on calcium sites. On other hand, Lewis and Callow [11] have reported, that donor substitution on A-site will lead to the formation of titanium vacancies to maintain electrical charge neutrality, while the acceptor dopant such as K + and Fe 3+ will generate oxygen vacancies [12] . . They were first heated at 1000 °C for 6 hours. The presintered samples were ground to very fine powder and pressed again, then were heated at 1200 °C for 24 hours and the process of grinding and pressing was repeated. Finally, the samples were heated at 1350 °C for 24 hours. These heating treatments were followed by a natural cooling step in the furnace.
Powder X-ray diffraction data were collected on computer controlled X-ray diffractometer (formally made by Diano corporation, USA) using step scanning mode and filtered CoK α radiation ( λ=1.79026 Å). The scanning range was 25-100°(2θ) with step size 0.02° (2θ) and counting time 5s/step.
Results and Discussion:
Preliminary X-ray diffraction data revealed, that the prepared compounds consist of single phase perovskite structure. The diffraction lines shown in Fig. (1) are completely matched with JCPDS card number (81-0562) and the absence of the characteristic X-ray diffraction lines of the constituent oxides or other phases confirms the existence of one phase. All the diffraction patterns were indexed using the trial and error (Treor) [13] program to calculate the accurate unit cell dimensions and they were found to be related to perovskite orthorhombic system. 
Structure Refinement:
The structure refinement was started by the determination of the instrumental constants, zero shift and instrumental profile. These constants have been determined using a standard annealed Quartz sample delivered from Diano corporation. A step scanning mode has been carried out on the investigated samples with exactly the same conditions conducted for the standard one. FULLPROFF software program [14] (version-LIB-JRC) for the structure refinement is used for Rietveld whole pattern fitting method. The starting model was that of Gd 2 O 3 [15] of space group Pbnm (no. 62, cab nonstandard setting of Pnma) and Ca and La cations occupies (4c) (u,v,0.25), with u=-0.018, v=0.06, Ti and Fe occupies (4b) at (0.5,0,0), and oxygen anions occupies the positions (4c) with u=0.05, v=0.47 and (8d) (x,y,z) with x=-0.2, y=0.275, z=0.05. The experimental profile was fitted by modified THOMPSON COXHASTING PESUO-VOIGT function [16] .
In the first step of the structure refinement, the global parameters (background, profile asymmetry, specimen displacement) were refined. In the next step, the structure parameters (atomic coordinates, specimen profile breadth parameters, lattice parameters, temperature factors, preferred orientation and site occupancy) were refined in sequence mode. When the discrepancy factor R WP (R-weighted pattern) has reached its minimum value, all the parameters (global and structural were refined simultaneously giving the goodness of fit index, χ 2 =(R WP /R exp ) 2 in the range (1.09 -1.27). These values indicate a reliable refined structural parameters. The agreement between the observed and the calculated diffraction profiles of the sample with x=0.0 and x=0.5 as representative examples of the investigated compounds are shown in Fig. (2 and 3) . 
Lattice Parameters and Structure distortion:
Table (1) represents the variation of the lattice parameters with xparameter, given in the chemical formula of the compounds. It is clear, that the lattice parameters increase with increasing x. This increase is not only related to the difference in ionic radii between Ca (1.12 Å) [17] and La (1.16 Å) [17] but also due to the degree of covalent character in bonds between the transition metal atom and the surrounding oxygen atoms [18] . This behaviour may play an important role in determining the atomic displacements and, hence, the lattice symmetry. A possible explanation of this effect may lie in the fact that the decrease of the -ve charge at A-site (La 3+ substituted Ca 2+ ) and the increase of the -ve charge at the B-site (Fe 3+ substituted Ti 4+ ) may lead to a net decrease in the partial covalent character of the bonds involving oxygen ions and so the observed lattice expands (the average bond length Fe-O in Table ( 3)). The distortions in the perovskite structure with respect to the ideally cubic stable perovskite are controlled by the tolerance factor "t" t=(r A + r O )/ 2 (r B + r O ) where r A , r B are the cation radii with 12 and 6 coordinated respectively, and r O is the oxygen anion radius in six fold coordination. For ideal cubic perovskite structure t=1, for distorted structure t<1. From the values of the tolerance factor tabulated in Table (1) it is clear, that CaTiO 3 is more distorted than the substituted samples, i.e with increasing cation substitution the value of tolerance factor increases towards the ideal value and the degree of distortion decreases From Table ( Composition, X Cell distortion factor "d" 
Atomic Coordinates:
An examination of the refined atomic coordinates listed in Table ( 2) shows that Ti and Fe occupy the ideal special sites (4b) and the remaining atoms are only slightly displaced from their respective ideal positions. Cations in the A perovskite sites (Ca/La) and in the B-ones (Ti/Fe) will be refered in the following discussion as A and B, respectively. In order to study the distortion around the Ti and Fe atoms, which are surrounded by 6 oxygen ions forming octahedral coordination polyhedron , the interatomic distances, O-B-O angles and their standard deviations were calculated and listed in Table (4). As seen Composition, from this table there are three different B-O sets of bond lengths for each compound and their averages are in good agreement with the sum of Shannon ionic radii (=2.05 Å) [17] . Also, there are four different O-B-O angles showing a small deviation from the ideal angle (90°) of the cubic perovskite. These values of the intratomic distances and angles indicate, that the BO 6 octahedra are quit distorted, which may be attributed not only to the different nature of the metal cations charge but also to the difference in the atomic radii between Ti and Fe that occupying these polyhedra. On other hand Ca and La, located in the A-sites, are surrounded by twelve anions, eight of them are the first nearest neighbors located at a distance less than 3Å and the other four are the second nearest neighbors nearly above 3Å Table(3) . But the A-site polyhedra can be defined as bicapped prisms, which related to cuboctahedral one by ignoring the second nearest neighbors located in four opposite edges in the unit cell. It is obvious also, that the displacement of the oxygen anions from their ideal positions produces a tilting of BO 6 octahedra with respect to the cubic [ 010 ] and [
according to the Glazer's notation [20, 21] . Octahedral tilting brings about severe distortion of the B polyhedron, as a result of which Ca 2+ and La 3+ ions are 8 rather than 12 coordinated and the symmetry is orthorhombic space group Pbnm. 
Conclusions:
1. The lattice parameter increases with increasing the substituted cations and this may be due to the difference in the ionic radius. 2. The tolerance factor decreases with increasing the substituted cations, i.e maximum distortion corresponding to CaTiO 3 .
